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Abstract 
 
An Empirical Study of the Effectiveness of 
Empathic Experience Design  
 
Daniel Glenn Johnson, M.S.E. 
The University of Texas at Austin, 2012 
 
Supervisor: Carolyn C. Seepersad 
 
Engineers recognize the need for innovation in product design, and many methods 
are available for creating more innovative products and better satisfying customer needs. 
Empathic Experience Design (EED) is one such method. The EED method exposes the 
designer to empathic experiences, which are intended to help the designer empathize with 
customers who use the product under a variety of non-ideal conditions and then transfer 
that enhanced understanding to an ensuing concept generation activity. This thesis studies 
the effectiveness of the EED methodology when used in conjunction with three types of 
empathic experiences: sensory, physical, and cognitive. Experiments were conducted 
over the course of two years, in which students were asked to develop concepts for a 
next-generation alarm clock or litter collection device; the resulting concepts were 
analyzed to determine the originality and technical quality of each concept. The subject 
group concepts, which were developed after participating in empathic experiences, were 
compared with the control group concepts, which were developed without empathic 
experiences. The subject group concepts demonstrated significantly higher originality 
 vii 
than the control group concepts, without measurable sacrifices in technical quality, as 
well as significant increases in innovative features related to user interactions. The 
method has been shown to be effective for enhancing innovation when the empathic 
experiences are aimed at sensory and kinematic priming activities that challenge a user’s 
sensory or physical capabilities. 
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Chapter 1:  Introduction 
1.1 INNOVATION IN PRODUCT DESIGN 
Engineers are constantly challenged by the need for innovation in their work—in 
the products they create, the processes they design, and the services they produce. 
Products that are highly innovative tend to be successful in terms of not only short-term 
profitability and adoption rate, but in opening new markets and long-term windows of 
opportunity for firms [1]. Indeed, several studies agree innovation is a leading factor in a 
product’s success [2–4]. Innovation is ubiquitous; it has become paramount to business in 
our time, and the rapid convergence of the digital and internet age has only strengthened 
that trend. In response to these assertions, engineers may wish to introduce innovation 
into their design process, but there is no formula for such a task, and in spite of this 
emphasis on innovation, many new product introductions are commercial failures [5]. 
A multitude of factors likely collude to create this gap between innovation efforts 
and product success, but lack of direction regarding the meaning of innovation may be a 
central issue. Garcia and Calantone surveyed 21 empirical studies in recent literature and 
discovered 15 distinct innovation constructs, each utilizing different degrees of broad 
factors such as newness, radicalness, and market performance as variables in their 
definition of innovation [6]. Scholars are unlikely to construct a definition of innovation 
that would unify all of its meanings, but recent research has pursued a practical, rather 
than literal, understanding of innovation. Saunders and coauthors studied 197 mechanical 
products receiving awards for innovation from Popular Science, Time magazine, and the 
Industrial Designers Society of America, categorizing products by the type and 
characteristics of innovation for which they were recognized [7]. Their analysis revealed 
that 68.5% of those products receiving innovation awards were recognized for their 
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enhanced user interactions, suggesting that user interaction issues are a critical 
component of modern innovation. 
Customer needs analysis has long been used to help bring the voice of the 
customer into the development process [8,9]. A study comparing 86 successful and 
unsuccessful technological innovations found the most significant factor in the difference 
between the groups was the innovators’ understanding of customer needs [10]. Engineers 
often interview customers and analyze their needs in order to gain insight for future 
improvements, but truly innovative improvements often result from latent needs—those 
needs that are not immediately apparent to customers and designers.  There is no formula 
for recognizing and addressing these latent customer needs; in fact, traditional methods 
for gathering customer needs often fail to add innovative value because the customer has 
difficulty imagining solutions that may conflict with their preconceived notions of a 
product [11].  
Many other techniques have been proposed to help designers understand how 
customers interact with products—empathic design, in which a researcher observes a user 
interacting with a product in its traditional usage environment, has been used to add 
empathy to the design process through contextual observation [12]. Articulated use 
interviews supplant traditional observation with structured interview questions designed 
to run the gamut of potential user needs [8]. The innovative design firm IDEO has 
proposed bodystorming, in which designers act out a product’s usage in a charade-like 
context to fully embody the user experience [13]. Little research exists on the 
effectiveness of such methods. 
One of the more tenacious needs gathering methods is Lead User Theory. Von 
Hippel suggests defeating users’ fixation on the mundane by interviewing lead users—
those users who use products at the very frontier of their designed boundaries—in order 
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to identify and gather latent needs [11]. Lead users experience needs prior to the vast 
majority of users and benefit from fulfilling those needs; they will often innovate or 
improvise their own solution to the need, providing a rich resource for designers. 
While these lead users can be difficult or expensive to locate and interview, recent 
research has found that simulating lead user conditions with designers and customers can 
produce similar benefits. By subjecting normal users to environmental conditions 
designed to limit their senses of sight and hearing, Hannukainen and Höltä-Otto have 
shown that situationally disabled users produce the same needs as deaf and blind 
participants serving as lead users [14]. In a follow up study, Lin and Seepersad have 
shown that typical users who interact with a product under extreme conditions produce a 
greater than typical number of latent needs [15]. This emulation of lead user traits 
through simulation has been shown to increase latent need discovery, and is a motivation 
for more research in the area.   
1.2 EMPATHIC EXPERIENCE DESIGN 
The empathic experience design methodology has been proposed to address the 
need for tools that focus on innovations with respect to user interactions. Using this 
technique, designers’ interactions with a prototype product are augmented by extreme 
experiences, which challenge their understanding of the product and emulate lead user 
experiences. After undergoing these empathic experiences, designers collaboratively 
create concepts which may embody the type of latent needs normally restricted to lead 
users. A more detailed procedure will be described in Chapter 3. 
While little research exists regarding the effectiveness of this technique, engineers 
have recently begun using similar techniques to enable their designers to see beyond their 
own context. For example, designers at Ford Motor Company have been using the Third 
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Age Suit for several years to help their younger engineers understand the struggles that 
customers of older or more extreme demographics might experience [16]. The suit 
features thick gloves, arm and leg weights to limit the wearer's mobility, and earplugs and 
goggles to simulate poor vision and hearing. The suit has been critical in Ford’s design 
process, and has been attributed to many features with benefits that, while tailored 
towards older customers, extend to the general customer base as well. Many automobiles 
now feature power-operated doors, wider door openings, and driver’s seats designed for 
maximum customizability; architects have also recently begun using Ford’s suit to gain 
the same insights toward home design, resulting in more ergonomic stair and seating 
design [17]. 
 
Figure 1 - Ford Third Age Suit [16] (left) and MIT's Age Gain Now Empathy System 
[18] (right) 
Similarly, researchers at MIT have developed an Age Gain Now Empathy System 
(AGNES) with the goal of helping companies sell products that are immediately 
accessible to older customers, without alienating the other demographics they may 
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market towards [18]. The suit is designed to accurately simulate the life of a 74 year old, 
with harnesses and belts that actively cramp the user and discourage bending. It includes 
unevenly-soled shoes designed to throw off the user’s center of gravity and a helmet and 
neck brace that prevent the user from rotating their head. These examples seem to fall in 
line with the principles of universal design, which is typically focused on designing for 
users who may be excluded from popular design based on their age or disabilities. 
Empathic experience design differs in that it leverages the interactions of any user who 
challenges the intended usage circumstances of a product to create valuable new designs. 
While the creators of these examples have claimed to find success in their 
application, their claims are entirely anecdotal. There is no existing rigorous, scientific 
study of these techniques or of Empathic Experience Design in general. The anecdotal 
success suggests that the mechanical design community may find such techniques useful, 
but design researchers cannot recommend their use without first understanding their 
advantages and disadvantages. This thesis aims to provide a preliminary understanding of 
the techniques from a scientific standpoint, as described below. 
1.3 RESEARCH STATEMENT 
The focus of this research is to determine whether the inclusion of carefully 
designed empathic experiences during prototype interaction significantly affects 
innovation in group-based concept generation. Innovative products are defined in this 
paper as those that have the potential to change the marketplace by satisfying new or 
previously unarticulated (latent) customer needs or by satisfying customer needs in 
significantly new ways, via features that are not only realizable but also original or 
creative. Thus, resulting concepts are analyzed for innovation by evaluating their 
originality and technical feasibility and by categorizing their innovative characteristics. 
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Three studies were designed and performed in order to understand the effectiveness of 
the Empathic Experience Design methodology in the context of concept generation 
activities. Researchers studied sensory/environmental, physical/kinematic, and cognitive 
empathic experiences and their effects on concepts produced immediately following the 
application of the conditions, with the following underlying hypothesis: 
Design engineers who engage in empathic experiences immediately prior to a 
concept generation activity are hypothesized to generate concepts with higher 
levels of originality than those produced by designers who do not engage in the 
empathic experiences.  Empathic experiences are also hypothesized to have a 
measurable effect on the type and focus of innovation characteristics present in 
the resulting concepts. 
In the experiments, small groups of students interacted with prototype products 
both with and without empathic experiences. The students were then asked to generate 
concepts in a modified 6-3-5 activity. The resulting concepts were studied according to 
the metrics mentioned above in order to evaluate the hypothesis. 
A review of relevant literature will be surveyed in Chapter 2. A formal 
methodology for EED is presented in Chapter 3, and a detailed description of the 
experiments designed to evaluate that methodology is given in Chapter 4. Results are 
presented in Chapter 5, and relevant commentary and conclusions are submitted in 
Chapter 6. 
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Chapter 2: Literature Review 
Past research in design innovation provides a strong basis for the current study. 
This research intends to evaluate the effectiveness of an untested design methodology 
synthesizing needs-gathering and ideation, so the following sections will review a variety 
of relevant research. First, the early stages of the design process are discussed, followed 
by detailed review of needs gathering and concept generation techniques, as well as a 
discussion of productivity issues like environment and fixation. 
2.1 ENGINEERING DESIGN INNOVATION TOOLS 
It is thought that 70% of a product’s cost is determined in the first 1/5th of the 
design process [19]. This early stage of design is also largely free of the engineering 
constraints that inhibit creativity in later portions of the process [20]. If innovation is a 
goal, it should be encouraged as early in the process as possible. In the early stage of a 
design effort, engineers may create a mission statement in order to help themselves and 
their fellow designers focus on certain design aspects, and unify their efforts [8]. Indeed, 
research suggests that innovation in practical engineering environments most often results 
from collaborative, face to face discussion [21]. While project mission statements can 
influence designers to seek out innovation from the very beginning of a project, they do 
not guarantee success. Designers may consult product attribute checklists or design 
roadmaps [8,22]; however, these tools are typically used for ensuring a comprehensive 
design process that considers all possible aspects of operation. Again, while necessary 
and helpful, success is not guaranteed. Often, the first steps toward innovation come from 
needs gathering activities.  
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2.1.1 Needs-Finding Tools 
The use of focus groups in needs gathering, especially within consumer products 
firms, is well documented [23]. Listening to the “voice of the customer” is a crucial part 
of the successful design process [9], and many companies utilize quality function 
deployment techniques, like the house of quality, to better meet customer needs as well as 
lower costs and production times [24,25]. Competitive benchmarking can help further 
define needs as answered in the marketplace [26]. However effective, all of these tools 
require extensive research and analysis to be used properly, and in spite of these efforts, 
typical users cannot be counted on to provide latent needs or useful redesign suggestions 
[11]. Furthermore, over-analysis and the inclusion of too many voices may result in more 
iterative progress, rather than the more risky innovative progress. 
Lead User theory, as discussed in Chapter 1, purports that product experts, rather 
than general consumers, are sources of more concentrated needs, and particularly latent 
needs [11]. Numerous case studies have documented lead users providing an increase in 
commercially attractive innovations [27–29]. After an internal experiment, 3M 
Corporation reportedly expected an 8x increase in sales of products developed with the 
help of lead users [30]. Common reservations about lead user theory include the risk that 
lead user preferences may differ from those of the general populace and the cost and 
inconvenience in locating and interviewing lead users [29,31]. 
For years, anthropologists and social scientists have employed ethnographic 
researchers, who study individuals in their natural environment, to gain insights in the 
study of cultures and people groups.  Many common needs gathering methods are a form 
of applied ethnography with the purpose of collecting design insights [32]. Such methods 
are becoming more popular with the success of influential design firms like IDEO and 
Frog, who practice what they call design thinking, a “methodology that imbues the full 
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spectrum of innovation activities with a human-centered design ethos” [33]. Empathic 
design techniques embody these traits by stressing observation over inquiry, often 
focusing on understanding usage in its native context rather than a laboratory or focus 
group setting [12]. The design thinking movement has propelled these methods into many 
fields, but they may be better for simply gaining an understanding of the usage than for 
detailed needs gathering [34,35]. While successful, many of their methods may rely too 
heavily on the designer’s powers of observation, rather than allowing the designer to 
experience the needs directly. 
Other recent research has focused on methods for better understanding the user's 
context [13,34,36], or implementing universal design that targets broader segments of the 
population [37,38]. Still another school of thought in user-centered design research 
suggests shifting the designer's focus from function (what a product does) to affordance 
(what a product allows a user to do) [39]. These techniques are all appropriate in different 
contexts and empower innovation by studying user needs; however, meeting user needs is 
only one dimension of successful innovation.  
2.1.2 Concept Generation Methods 
Engineers often respond to the problems they discover using the above methods 
through ideation; fortunately, engineers have several tools for generating new concepts. 
Figure 2, as created by Shah [40], shows many  methods categorized by the nature of 
their stimulus. With any concept generation method, numerous variables must be 
accounted for to ensure success. For example, the personalities of the individuals 
involved may affect results [41], and the inclusion or exclusion of examples or prototypes 
may benefit by adding focus, or detract through fixating effects [42,43], the overall 
quality of results. Indeed, a growing body of research on design fixation indicates that it 
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may play a large role in stalling innovation by blocking designers from considering every 
possible solution [43]. In a study of designers of many disciplines, mechanical 
engineering designers were found to be most susceptible to fixation within their domain 
of expertise, but less susceptible when the design effort is more foreign, suggesting that 
mechanical designers cling to their experiences much more than other types of designers 
[44]. Perhaps what is needed most is a tool to help mechanical designers get out of their 
comfort zones. 
 
Figure 2 - Ideation Tools (from Shah [40])  
Brainstorming is widely used as an initial ideation technique both formally and 
informally, with the simple goal of generating as many ideas as possible [45]. While 
highly popular, research suggests it may not be as effective in generating original ideas as 
is commonly thought; in particular, studies have shown that individuals are more 
effective acting alone [46], and that group brainstorming greatly increases the man-hours 
required to achieve a given quantity of ideas [47]. Nonetheless, brainstorming remains a 
popular exercise and may help motivate future innovations within groups [48]. Mind 
maps [49] and affinity diagrams [50] are often used to provide structure to the 
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brainstorming process, and may enhance productivity by adding visual representation of 
progress. 
Many Logical ideation methods are also commonly used, especially within 
organizations that follow Six-Sigma practices. TIPS or TRIZ, the Theory of Inventive 
Problem Solving, was developed in an effort to remediate conflicts between design 
variables [51]. Although popular in some circles, it requires a certain expertise, and as 
with all “automatic” design methods, its effectiveness can be limited by the operator 
(garbage in, garbage out). Design by analogy [52–55] purports to support creativity in 
engineering design by making analogical bridges between the design domain and existing 
solutions in other domains. With the current renewed interest in sustainable engineering, 
biomimetic design focuses on analogies within nature to develop engineering solutions 
[56]. These methods are gaining leverage as they are increasingly studied within the 
research community, but they too require skilled interpretation and domain knowledge to 
be effective. 
Of particular interest to this study are the Progressive techniques: Method 6-3-5 
[22], C-Sketch [8] and the Gallery method [57]. These methods produce concepts by 
allowing groups of designers, acting individually, to develop ideas in a structured, 
iterative process. The methods are favored among engineering designers because of the 
short “vetting process” that occurs as the designers iteratively improve the concepts. Two 
of the three methods include sketching, which confronts designers with the realities of 
their ideas and represents a fundamental and necessary design activity [58]. A recent 
study determined that, among the methods, a combination of 6-3-5 and C-Sketch, 
allowing both sketches and short phrases, produced the highest quality of concepts [59]. 
Accordingly, a modified 6-3-5 method following the structure of 6-3-5 and focused on 
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sketches and supplementary text is used for concept generation in the experiments 
conducted for this research. 
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Chapter 3: The Empathic Experience Design Methodology 
The flowchart pictured in Figure 3 shows the suggested execution of the 
methodology; experiments were designed to follow this framework closely. 
 
Figure 3 – Empathic Experience Design Methodology 
The first step of the methodology is to choose a prototype and establish the scope 
of the redesign. A prototype product is necessary to capture the benefits of the EED 
methodology. For example, given the task of reverse engineering an automotive scissor 
jack, a generic scissor jack could serve as the prototype. The scope of innovations 
regarding these common products is quite large (areas with potential for innovation, for 
example, include the deployment of the device, the interface between the car and jack, 
the role of human power in raising the jack, or integration and storage within the 
automobile), so the scope could be limited to the jack’s primary features with the 
following design statement: “We desire to create the next generation scissor jack for use 
by everyday consumers with a wide variety of vehicle makes and models.”  
The second step is to define typical and lead users, and to establish the usage 
context within which each type of user experiences the product. For example, a typical 
user and usage context for a scissor jack could be an individual who knows how to 
replace a flat tire with the spare in ideal conditions (i.e. a parking garage or the side of a 
Begin with 
Prototype 
1. Define Design 
Problem 
2. Define Typical 
and Lead Users 
3. Design 
Empathic 
Experiences 
4. Implement 
Empathic 
Experiences 
5. Generate 
Concepts 
Select 
Innovative 
Concepts 
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residential street). In this case, lead users may have experienced dangerous, stressful 
conditions while servicing their car’s tire on the side of a highway and in poor weather. 
For example, the user may have limited space, may be distracted by passing vehicles, the 
road surface may be uneven, and the weather may be cold or wet. 
The third step is to design empathic experiences based on the definitions of 
typical and lead users and usage contexts created in step 2. Saunders has proposed a list 
of potential EED stimuli and accompanying methods of implementation [60], which has 
been adapted into Table 1. Table 1 provides the basis for the following example 
experiences based on the scissor jack example: Rain could be simulated by conducting 
the test under a canopy with an active water sprinkler. Gravel and organic matter can be 
used to simulate an uneven highway shoulder surface. Headphones or speakers can be 
used to raise the ambient noise level in order to simulate a steady stream of traffic, and 
the limited space on a highway shoulder can be recreated by marking a “safe space” that 
the user must stay within on the ground.  
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Table 1 - Potential Empathic Stimuli (Adapted from Saunders [60]) 
Limitation 
Level of 
limitation 
Experimental Condition 
 
   
S
en
so
ry
 
Sight 
Reduce 
lab goggles with fine grid on transparency paper (*allows for 
variability of levels) 
low quality welding goggles  
Reduce scope blinders on side of glasses, holes in restrictive sheet 
Blind 
Completely dark room 
Blindfold 
enclose product in dark container with hand holes 
Hearing Deaf 
ear plugs 
ear protection headphones used during gun shooting 
headphones with sound louder than ambient noise 
Touch Reduce add layer between user and prototype (gloves) 
Taste 
Ability to 
distinguish tastes 
consume more of a certain flavor prior to consumption (bitter, salty, 
sour, sweet, savory) 
Reduce reduce or eliminate sense of smell 
Smell 
Eliminate 
close nose (clip) 
isolate nose (snorkel goggles) 
Reduce smell stronger smell prior 
Heighten breathe strips to open nostrils  
 
   
P
h
y
si
ca
l 
Dexterity 
Hand 
oven mittens, gloves, mittens 
tape fingers together with medical tape 
Arm 
one hand behind back 
carrying weight or bulk with one hand 
Body 
jumpsuit adding bulk, weight, joint padding 
wear protective equipment (hockey/football pads) 
 
  
 
Cognitive 
Distract 
recite information (phone number, alphabet backwards) 
Recite nonsenense syllables (‘the-the-the,’ ‘za-za-za’) 
read off prompter, talk on phone/carrying conversation 
Task Switching 
answer questions/simple math problems every 15-30 seconds 
play a game while interacting 
could add incentive/reward to encourage performance 
 
  
 
Environment  
Night 
dark room with light source (flashlight reflecting off wall, projector 
with dark screen/tape on lens) 
Rain mounted sprinkler under canopy 
Temperature change room temperature 
Location 
add rocks/sticks on floor 
confine space in small or low ceiling room 
The fourth step is to allow a team of designers to carry out the empathic 
experience exercises. Designers are encouraged to engage the full range of features and 
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uses of the prototype. This may include, for example, removing the scissor jack from its 
storage place in a vehicle’s trunk, preparing to lift the automobile, raising and lowering 
the jack, and replacing the jack in its storage place. 
In the final step of the methodology, the team of designers generates concepts 
using a modified version of 6-3-5, in which labeled sketches are passed amongst 
designers in a structured manner [8,22]. This concept generation method was preferred 
for the reasons discussed in Chapter 2.2. 
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Chapter 4: Research Methodology: A Three-fold Experiment 
The effectiveness of the EED method was studied in three experiments spanning a 
three year period. Each experiment was designed according to the process indicated by 
the p-diagram in Figure 4, with efforts made to maximize similarity between 
experiments. A total of 345 undergraduate mechanical engineering students at two 
universities, The University of Texas at Austin (UT) and the University of Massachusetts 
Dartmouth (UMD), were used as subjects in the experiments. For each of the three 
experiments, subjects were placed in groups and asked to perform identical design tasks. 
Groups then interacted with prototypes—some groups in a typical fashion as a control, 
and others with EED conditions. After the prototype priming activities, the groups were 
asked to generate concepts in a modified version of the 6-3-5 method. Concepts were 
analyzed according to metrics measuring Originality, Feasibility, and Characteristics of 
Innovation. 
Experiment
Independent Variables
Design Process (6-3-5 with and 
without Empathic Experience 
Design conditions)
Fixed Factors
Basic Ideation Technique (6-3-5) 
and Time
Group size (4 to 6)
Design Task
Noise Factors
Demographics (gender, 
GPA, etc.)
Self-efficacy
Capability/experience
Dependent Variables
Originality
Technical Feasibility
Innovative Characteristics
 
Figure 4 - Experimental Design Overview 
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Experiments covered three domains of EED priming conditions: physical, 
sensory, and cognitive empathic experiences. The researchers chose these three domains 
with the goal of understanding, at a basic level, the full range of potential empathic 
experiences. This combination of experiments is intended to yield a rich understanding of 
the strengths and weaknesses of different stimuli, and allow the researchers to study the 
emphasis on certain design aspects, if any, that a particular stimulus grants the user. 
Experiments were designed according to the prescribed EED methodology flow 
chart discussed in Chapter 3. Sections 4.1 and 4.2 give detailed descriptions of the 
experimental method, and section 4.3 describes the metrics used to evaluate the resulting 
concepts. 
4.1: CHOICE OF PROTOTYPE AND DESIGN PROBLEM 
4.1.1: General Criteria for the Selection of a Prototype Design Problem 
As discussed above, prototype interactions are essential to the EED methodology. 
A set of criteria was created to enable the selection of appropriate prototypes for the 
series of experiments. Because the EED methodology is hypothesized to benefit design 
with respect to user interactions, the fundamental aspect of prototype selection was to 
identify products for which success is based on user interactions. The researchers also 
desired mechanical or electro-mechanical products of medium to light complexity, such 
that their functionality could be easily understood and used as a design baseline by 
mechanical engineering students in a short (sixty minute) activity. Complex products 
with many functions, or products with thoroughly non-mechanical aspects, might 
challenge the user’s understanding and limit their productivity given the short timeframe 
of the experiments. The products were also desired to be familiar to a wide range of 
participants, so that there was little risk of differences in understanding among 
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participants entering the experiments. More specialized products might contaminate the 
experimental result by adding the variable of preexisting user familiarity and detract from 
the number of opportunities for improvement. The researchers desired to use sensory, 
physical, and cognitive empathic experiences to highlight some of the context-specific 
challenges of using a product, and the prototypes needed to be compatible with that goal. 
Finally, because the experiments were conducted in parallel at two universities, the 
prototypes needed to inexpensive (preferably, less than $20 per prototype). 
Table 2 - Prototype Selection Criteria 
 
4.1.2: Sensory/Environmental Empathy 
The first experiment was designed to test sensory empathic experiences within the 
EED framework; thus, a prototype with a strong focus on sensory interactions was 
desired, so that empathic experiences involving the senses could potentially expose 
challenging, user-interaction aspects of the product. The researchers selected the alarm 
clocks shown in Figure 5 to serve as the prototype for the experiment. While other factors 
are present, an alarm clock’s success is highly dependent on user interaction. 
Complicated interfaces and nonstandard programming methods plague many 
commercially available clocks, and the availability of specialty clocks with simplified 
button layouts and large displays suggests that user desires regarding those features are 
 Mechanical or electro-mechanical 
 Medium to light complexity 
 Familiar to a wide range of participants 
 Inexpensive 
 Dependent on product-user interactions for 
product success 
 Compatible with Empathic Experiences 
 Amenable to improvement 
 20 
not addressed in simpler models. The alarm itself is one of the primary elements of user 
interaction, and many alarms fail to adequately wake their users; users often slumber 
through the auditory stimulus, or use the snooze feature to the point of fault and fail to 
awaken. The chosen alarm clocks satisfy each of the criteria: they are simple electro-
mechanical devices that also benefit from being ubiquitous in the lives and households of 
the target participants. They are cheap and easily available such that identical models 
could be purchased and used by researchers at both UT and UMD. Finally, because the 
alarm clocks’ alarm functions are so heavily grounded in the user’s sense of hearing, 
sight, and touch, they provide ample accessible opportunities for implementing sensory 
empathic experiences. 
 
Figure 5 - Alarm Clock Prototypes for Sensory and Cognitive Empathic Experiences 
4.1.3: Physical/Kinematic Empathy 
The second experiment was intended to test physical empathic experiences within 
the EED framework. A prototype that relied heavily on the physical aspects of usage was 
desired, such that the physical empathic experiences would enrich the user’s 
understanding of the needs in that context. The litter collection device shown in Figure 6 
was chosen to serve as the prototype for the experiment. Much like the alarm clock 
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prototypes, this litter collector's functionality is primarily dependent on user interaction. 
With its simple lever-actuated “grabber” claws, it is evolved slightly beyond the simple 
spear often used by volunteers, but still offers plenty of room for innovation. It has a lock 
feature, which temporarily holds the claws in their closed position, and a single hinge at 
the middle of the arm, which enables folding for storage. The hinge has no functionality 
when the device is in use as a litter collector. The prototype fits all additional criteria: it is 
a simple mechanical device that, while not likely familiar to all potential participants, is 
simple enough that its usage is immediately understood. It is affordable and commonly 
available. Lastly, because the device requires a significant amount of physical activity 
during its usage (i.e., walking to locate litter, lifting litter, and carrying a bag to store the 
captured litter), it presents ample opportunities for implementing physical empathic 
experiences. These activities are fatiguing with repeated use, and a full day of using the 
litter collector would no doubt lead to stiff joints and tired muscles. 
 
Figure 6 - Litter Collector Prototype for Physical Empathic Experiences 
4.1.4: Cognitive Empathy 
A final experiment was intended to test cognitive empathic experiences within the 
EED framework. The alarm clock prototypes used in the sensory EED experiments 
(Figure 5) were again used as a prototype for this experiment. In addition to meeting the 
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selection criteria as discussed above, they presented opportunities in which cognitive 
empathic experiences might enhance the user’s understanding of the product. The user 
interface for setting and operating alarm clocks is often complex, unintuitive, and time-
consuming to navigate.  These activities often lead to confusion and frustration, 
especially when the user is groggy or distracted.  
4.2: EXPERIMENTAL PROCEDURE 
4.2.1: Solicitation 
Participants were recruited from senior-level mechanical engineering courses at 
The University of Texas at Austin (UT) and the University of Massachusetts Dartmouth 
(UMD). Senior students were preferred for their understanding of mechanical 
engineering principles and their exposure to the design process and concept generation 
activities. Students received extra credit in the course they were recruited from as an 
incentive for participating in the exercises; other forms of extra credit were presented as 
an alternative in order to neutralize the pressure to participate. The students participated 
entirely anonymously; course instructors had no exposure to the experiments, and 
recruitment and extra credit assignment was handled by graduate researchers. Students 
were given identification numbers such that their contribution to the experimental data 
was anonymous. A total of 234 students participated in experiments at UT, and 111 
students participated in experiments at UMD. 
The experiments were conducted at two universities over the course of three 
years; thus, slight deviations in procedure were necessary to fulfill IRB requirements and 
to conveniently include as many participants as possible. At UT, approximately one third 
of the experiments were conducted as a voluntary in-class exercise, where attendance was 
not mandatory. The remaining two thirds of experiments at UT were scheduled outside of 
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class. At UMD, each of the experiments was conducted in a senior design course, where 
attendance was again voluntary. 
Participants were assigned to groups of four to seven students, with six being the 
preferred group size. Each group was designated either subject or control; the two 
classifications of groups had no exposure to one another in order to maintain 
experimental conditions. Control groups received no empathic experiences; rather, they 
interacted freely with their prototypes before engaging in the concept generation activity. 
Subject groups underwent empathic experiences with their prototype products prior to the 
concept generation activity. Participants were divided into subject and control groups 
randomly and in equal proportions. 
4.2.2: Prototype Interaction 
4.2.2.1: Focusing Statement 
Each experiment began with an open-ended prompt in order to focus participants 
on the specified design problem. The sensory and cognitive stimulus experiments both 
utilized the alarm clock prototypes, and had identical prompts which were read as 
follows:  
Thank you for helping with our study. We are trying to design the next generation 
of breakthrough alarm clocks and request your help in generating ideas. We have 
provided 2 standard alarm clocks with which you can interact to improve your 
understanding of potential improvements and customer needs. You will be 
working in pairs, taking turns interacting with the alarm clocks. You will have 30 
minutes to interact with the alarm clocks followed by a round of modified 6-3-5 
concept generation. Before we begin are there any questions? 
Participants in the physical stimulus experiments utilized the Gopher Grabber 
prototype, and were given a similar prompt with the following focusing statement: “After 
interacting with the Grabber, design a litter collection system for use by student groups in 
volunteer adopt-a-highway activities.” 
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4.2.2.2: Control Group Interaction 
Next, participants were asked to interact with the prototypes in their groups for 
about fifteen minutes. Participants were encouraged to perform a specified range of 
interaction activities, and to observe another member of their group performing the 
activities. For experiments involving the alarm clock prototypes, interaction was defined 
as any typical use including setting the time and alarm, turning off the alarm, changing 
the time and alarm, and using the snooze function for both clocks. For experiments 
utilizing the grabber prototypes, interaction included lifting disposable water bottles from 
the ground and placing them in plastic trash bags. 
4.2.2.3: Subject Group Interaction 
While control groups completed their prototype interactions exactly as described 
above, subject group participants were asked to complete the interactions with the 
following empathic experiences.  
Sensory Empathic Experiences: The sensory empathic experiences included 
three empathic conditions designed to emulate sensory and/or physical challenges: (1) a 
blindfold in the form of a folded bandana to simulate darkness and/or limited vision (e.g., 
sleeping without contacts or glasses), (2) earplugs and/or headphones to simulate limited 
auditory response during deep sleep, and (3) oven mitts to simulate either the grogginess 
and limited dexterity of a newly-awakened user or the limited dexterity of someone with 
a physical challenge such as arthritis or unusually large fingers. The tools used to create 
these experiences are shown in Figure 7. 
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Figure 7 - Sensory/Environmental Empathic Tools 
Physical Empathic Experiences: Empathic conditions for the litter collection 
problem included wrapping hands and wrist and elbow joints with bandages to restrict 
movement and simulate either muscle fatigue from repeated use in a day-long litter 
collection activity or limited dexterity from aging or physical impairments. A typical 
application of this empathic experience tool is shown in Figure 8. 
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Figure 8 - Bandage Wraps for Physical Empathic Experiences 
Cognitive Empathic Experiences: Cognitive empathic experiences were created 
by asking participants to repeat a simple nonsensical phrase, "za-za-za …," while setting 
the alarm clocks, as a means of restricting the participants’ working memories. Working 
memory supports complex cognitive activities such as regulating and controlling actions 
[61–63], which are required for setting and manipulating the alarm clock. 
 Repetition of a simple phrase, such as "za-za-za …," is a form of articulatory 
suppression, in which individuals articulate irrelevant words or phrases while 
concurrently performing a task of interest. Articulatory suppression has been found to 
inhibit an individual's ability to manage and execute a set of tasks [64–66], especially 
when it is not obvious which task to perform next. The level of inhibition is typically 
reflected in the time required to perform the task of interest. The mechanism for this 
inhibition appears to be suppression of "inner speech," which acts as a self-cuing device 
for internally coaching an individual through a task or activity. While such tasks can be 
completed without the use of inner speech (for instance, if it has been disrupted by 
articulatory suppression), the individual typically finds them more difficult and completes 
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the tasks more slowly. In this experiment, articulatory suppression is used as a tool for 
impairing a participant's cognitive capabilities by limiting, but not completely disrupting, 
their ability to execute a series of tasks with a product. 
A short study was conducted to determine the effect of a simple articulatory 
suppression exercise on participants' completion of a specified set of interaction tasks 
with the prototype alarm clocks. Forty randomly selected participants were asked to set 
the time and alarm functions of each clock to pre-specified times. Twenty-two 
participants completed the task while simultaneously engaging in articulatory suppression 
(i.e., continuously repeating “za-za-za”), while eighteen participants performed the task 
under typical conditions. The participants who completed the task under articulatory 
suppression conditions required an average of sixteen seconds longer to complete the 
task. Specifically, a 20% increase in the required time was observed, from an average of 
77 seconds for users in the control group to 93 seconds for users engaging in articulatory 
suppression. The results confirm that articulatory suppression has a statistically 
significant (P-Value of 0.048) effect on an individual's ability to execute the series of 
time- and alarm-setting tasks. Accordingly, the simple articulatory suppression condition 
was utilized as the cognitive empathic experience for the ensuing experiments. 
4.2.3: Concept Generation 
After the priming activities, the participants were asked to generate concepts 
according to a modified 6-3-5 exercise. For each group, individual participants were 
given a unique colored marker. The prompt for the activity was again read to the 
participants, who were then asked to sketch three concepts, with both sketching and 
textual/numerical information allowed. Participants in the physical/kinematic EED study 
were asked to sketch as many concepts as possible. The initial sketching phase lasted 
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approximately fifteen minutes. After this period elapsed, the participants were asked to 
pass their concepts to the individual next to them and add features, comments, and 
constructive criticism as they saw fit. Participants were given about five minutes to 
comment on each of the three or more concepts in front of them, and then asked to pass 
again. The activity lasted until the concept piles had rotated all the way around the table 
(typically five passes). After the rotations ended, the participants were thanked and 
dismissed. Although groups of six were preferred, because of recruiting and scheduling 
issues, groups of five to seven participants were admitted into this activity. 
4.3: METRICS TO EVALUATE CONCEPT CREATIVITY 
Three metrics were used to evaluate the effectiveness of the proposed EED 
method: an Originality metric, a Technical Feasibility metric, and a metric for 
recognizing and categorizing Innovation Characteristics. According to Chapter 1, 
innovative concepts are for the purpose of this thesis defined as those concepts that are 
not only creative and original, but also useful. Pairing the Originality metric with the 
Technical Feasibility metric allowed the researchers to investigate whether empathic 
experiences increased creativity in concept generation, and if so, to determine what effect 
the increase in creativity would have on technical feasibility. The concepts were further 
classified according to the innovation characteristics and categories embodied in the 
concepts. This classification allowed the authors to understand the empathic experiences’ 
effect on specific types of innovation, and specifically the relationship between each type 
of empathic experience and the appearance of innovation characteristics related to certain 
types of product-user interactions. A detailed description of each metric is provided next. 
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4.3.1: Organization of Concept Analysis: Concept Level and Feature Level 
Each concept can be studied at the concept level of the feature level.   Analysis at 
the concept level was concerned with the “general direction” of the design, or the design 
with a feature set that was most congruent with the perceived agreement of the group. If 
students revised a concept substantially enough to create more than one distinct concept 
or substantive idea, then it was decomposed into multiple concepts, and each of the 
resulting concepts was analyzed. 
Analysis at the feature level was concerned with individual aspects or features of 
each concept. For each prototype stimulus, a general set of features was created to serve 
as the basis for feature level analysis. As shown in Table 3, concepts based on the alarm 
clock prototypes were analyzed with respect to the following features: mode of alarm, 
display, information shown, user input, energy source, snooze, alternative use, music, and 
shape/layout. Common, top-selling alarm clocks from retails stores such as Target, Wal-
Mart, and Amazon.com were studied to generate a list of standard embodiments of each 
feature. Table 4 shows the feature breakdown for the litter collector prototype: garbage 
interface, user interface (mobility), user interface (actuation), direction, storage, and 
architecture. Since litter collection products are not widely available in common 
commercial markets, researchers studied several industry vendors in order to create a 
baseline. Appendix A details the products and the resulting standard features. 
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Table 3 - Alarm clock feature definitions (Adapted from Saunders [60]) 
Mode of Alarm: Any feature that is used to wake a user up. This also applies to any 
feature that forces the user to get out of bed including moving alarm clocks. Standard 
feature defined as the use of beeping or ringing sound. 
Display Type: Any form of displaying information to the user. Standard feature defined 
as basic analog, LED, or digital display. 
Information Shown: The type and amount of information displayed to the user. Standard 
feature considered current time, alarm time (analog clocks), am/pm, and alarm on/off. 
User Input: Any method of input or interaction between the user and clock including 
setting the clock or turning the alarm on/off. Standard features include buttons and/or 
dials.  
Energy source: Any feature that supplies power to the clock. Stand features defined as 
power cord and/or battery. 
Snooze: Any feature that describes whether an alarm clock has snooze capabilities and 
how to activate the function. Standard features include buttons for digital clocks and none 
for analog clocks. 
Music Player: Any feature that describes the existence of type of music playing 
capabilities. Standard feature implies no music playing capabilities. Music is separate 
from additional uses because of the prevalence of music playing functionality. 
Additional Uses: Describes any additional functions performed by the alarm clock 
beyond traditional and music playing capabilities. Standard feature implies no additional 
functions. 
Shape/layout: Describes the architecture, outward appearance, or theme of the clock 
frame. Standard implies no unique characteristics of the shape or layout.  
 
 31 
Table 4 - Litter Collector Feature Definitions 
Garbage Interface: Any feature related to removing trash from the ground. Standard 
implementation includes claws, spears, vacuums, and scoops. 
User Interface – Mobility: Any feature allowing the user to carry or move the device. 
Standard implementations include handheld, backpacks, hip belts, and motorized 
vehicles. 
User Interface – Actuation: Any feature allowing the user to trigger garbage collection. If 
there is no actuation, the feature is assumed standard. Standard implementations include 
lever squeeze, push button, and trigger squeeze.  
Direction: Any feature related to the user’s control over movement, and targeting of the 
litter collection implement. Standard features include the user’s arm and steering wheel. 
Storage: Any feature used to hold, store, or process garbage. Standard features include 
handheld trash bags, shoulder strap bags, bags mounted to device. 
Architecture: Any features derived from the shape and layout of the device either during 
operation or storage. Standard features include stick shape, central joint with single useful 
orientation. 
4.3.2: Feature Level Metrics 
Previous research indicated that the Originality and Feasibility metrics were most 
effective when applied at the feature level [60,67].  
4.3.2.1: Originality Metric 
For each concept, a value was assigned to each of the features defined in Table 3 
and Table 4 according to the levels of originality shown in Table 5; the values assigned 
correspond to the word most associated with the researcher’s impression of that feature. 
The level of originality of each feature was judged against the standard feature 
implementations given in the above tables. As shown in Equation 3.1, the maximum 
originality value for any one feature was recorded as the concept’s originality score. The 
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researchers chose to use the maximum value because it provided the highest resolution 
for the metric; recording a concept’s average originality score tended to dilute the results 
and make recognition of original concepts more difficult.  
                                (3.1) 
Table 5 - Originality Metric 
Description Originality 
Common 0 
Somewhat Interesting 2.5 
Interesting 5 
Very Interesting 7.5 
Innovative 10 
The five-level, ten-point scale in Table 5 is derived from an eleven-point scale 
used by Charyton et al. [68] for measuring originality. Although the originality metric 
used by Charyton et al. utilized an eleven-point scale, repeatability studies indicate that 
more repeatable results are obtained from scales with fewer intervals [67,69]. The 
researchers found it much less difficult to distinguish between the terms in the five-point 
scale versus the eleven-point scale, contributing to its improved repeatability. The five-
point scale also aligns with commonly applied five-point Likert scales, one of the most 
recommended scales for use in rating systems [70]. 
4.3.2.2: Technical Feasibility Metric 
Technical feasibility, or usefulness, was measured for each feature according to 
the flowchart shown in Figure 9. The metric is based upon a metric developed by Shah 
and coauthors [71] and adapted by Linsey [54]. Because a concept is only as feasible as 
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its least feasible component, the minimum score for any one feature was recorded as the 
concept’s Feasibility score, according to Equation 3.2. 
                                (3.2) 
 
Is the concept 
technically 
feasible?
Is it technically 
difficult for the 
context?
yes
Is there an 
existing 
solution?
no
0no
4yes
7no
10
yes
 
Figure 9 - Feasibility Metric Flowchart 
4.3.3: Concept Level Metric: Innovation Categories 
At the concept level, concepts were analyzed according to the five categories and 
fourteen characteristics of innovation as described by Saunders and coauthors [7]. The 
categories and characteristics are described in Table 6. 
 34 
Table 6 - Innovation Categories & Characteristics (adapted from Saunders and Coauthors 
[7]) 
Functionality 
 Additional Function: Allows the user to solve a new problem or perform a new 
function while still performing the function of the comparison product. 
Architecture 
 Modified Size: The physical dimensions during operation or storage have changed 
in expansion or compaction beyond subtle or incremental differences. 
 Modified Physical Layout: The same elements of the product are still present, but 
the physical architecture has changed. 
 Expanded Usage Physical Environment: The product can now be used in more 
usage environments with different resource availability or different physical 
characteristics. 
External Interactions  
 Modified Material Flow: Accepts or creates different materials or uses materials 
in new ways. 
 Modified Energy Flow: Utilizes new sources of energy or converts to a different 
form of energy than previously used. 
 Modified Information Flow: Different types or amounts of information are being 
gathered, processed, or output/displayed. 
 Interaction with Infrastructure: The product interacts with previously owned 
infrastructure. 
User Interactions 
 Modified Physical Demands: The product is easier to use physically beyond 
subtle or incremental differences. 
 Modified Sensory Demands: The product is easier to use from a sensory stand 
point beyond subtle or incremental differences. 
 Modified Mental Demands: The product is easier to use mentally beyond subtle or 
incremental differences. 
Cost 
 Purchase Cost: Purchase cost is significantly different. 
 Operating Cost: Operating and/or maintenance costs are significantly different. 
If a concept included innovations in one of the characteristics listed above, that 
innovation was recorded towards the concept’s Innovation Characteristics score. 
Concepts were compared to products with which they would likely compete in the 
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marketplace; so, the relative merit or innovation within each category was judged against 
the list of baseline features developed and described in Table 3 and Table 4. Once all of 
the characteristics were evaluated, the researchers counted the number of categories in 
which at least one characteristic was embodied for a concept. The number of categories 
with at least one innovation characteristic present, ncategories, was used to determine the 
Innovation Category metric, SICM, for the concept as enumerated in Equation 3.3. While 
the originality metric measured the level of originality embedded within a concept, this 
metric allowed researchers to differentiate between types of innovation present and 
determine whether the EED method leads to an increased occurrence of particular types 
of innovation. 
 
                 (3.3) 
4.3.4: Sample Evaluation of Metrics 
To illustrate how the metrics were evaluated, two example concepts are evaluated 
in this section. The two litter collector concepts are shown in Figure 10. Originality and 
feasibility evaluations are summarized in Table 7 and innovation characteristics in Table 
8. 
Concept A is an example of an average concept. This concept’s overall metric 
scores are Originality: 2.5, Feasibility: 10, and Innovation Categories: 1. The concept is 
very similar to the prototype product (Figure 6), but it is modified to include sharp tips on 
the ends of the claws to stab thin, flat pieces of litter and a collar for adjusting the 
opening width of the device's claws. Since most of the device's features are identical to 
those of the prototype product, it received originality scores of 0 (common) for most of 
its features. It received a slightly higher originality score of 2.5 (somewhat interesting) 
for its garbage interface features because the proposed changes make it easier to harvest 
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certain types of trash. The concept received feasibility scores of 10 for all of its features 
because all of those features are preexisting in the prototype product or other household 
products. The concept satisfied a single innovation characteristic: expanded usage 
environment, within the architectural category, because it allows the user to harvest larger 
pieces of trash. 
 
Figure 10 - Sample Concepts 
Concept B is an example of a better-than-average concept. This concept’s overall 
metric scores are Originality: 7.5, Feasibility: 4, and Innovation Categories: 4. Its 
“Garbage Interface” includes a hemispherical chamber with an actuating underside that 
scoops litter into the chamber. This feature received an originality score of 7.5 (very 
interesting) because it is quite different from other hand-held litter collection devices in 
the marketplace. It received a technical feasibility score of 7 because there are some far-
field analogies such as hay rakes and tennis ball collectors but no directly analogous 
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solutions for retrieving litter of various shapes, sizes, and structural integrity. The 
concept's “Storage” feature includes a storage chamber that compacts the trash and stores 
it in a detachable trash reservoir. The feature received an originality score of 5 
(interesting) but a feasibility score of 4 (technically difficult for this context) because it 
would be difficult to implement all of the features at the end of a hand-held litter collector 
without making the device too heavy and difficult to move. The concept exhibited a total 
of five Innovation Characteristics: Added Function (compacting), Modified Layout 
(inclusion of trash reservoir), Expanded Environment (greater flexibility with different 
sizes and shapes of trash), Modified Material Flow (compacting and storage features), 
and Modified Physical Demands (emptying a compilation of compacted trash, rather than 
removing each item of trash from the claws). Those characteristics are grouped into four 
innovation categories (function, architecture, external interactions, and user interactions), 
yielding an innovation category score of 4 for the concept. 
Table 7 - Originality and Feasibility Scores for Sample Concepts 
Concept Metric 
Garbage 
Interface Mobility Actuation Direction Storage Architecture 
A   
Adjustable 
Size + 
spear Standard Standard Standard Standard Standard 
Originality 2.5 0 0 0 0 0 
Feasibility 10 10 10 10 10 10 
B 
  
Conforms to 
trash Standard Standard Standard 
Compacting + 
disposable Standard 
Originality 7.5 0 0 0 5 0 
Feasibility 7 10 10 10 4 10 
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Table 8 - Assessment of Innovation Categories and Characteristics for Sample Concepts 
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4.3.5: Statistical Validation of Analysis 
Two tests were performed to evaluate the consistency and repeatability with 
which the metrics were applied. First, researchers tested the suitability of the newly 
constructed five-point originality metric. Because this research represents the first 
application of that specific scale, the researchers desired to understand if the scale could 
be applied consistently. Twenty-seven subjects at UMD used the Originality metric to 
evaluate ten different products. No significant differences in originality ratings were 
found for 80% of the products (p > 0.4). The remaining two products yielded marginally 
significant differences (p = 0.05). This study showed the five-point scale used in the 
originality metric yielded consistent results across a relatively large set of examiners. 
The second test was focused on the researchers carrying out the analysis. While 
the results conveyed in this thesis are based solely on analysis by two GRA researchers, 
the metrics were developed by five researchers at two universities. The two primary 
researchers trained themselves on the originality and innovative characteristics metrics by 
evaluating a randomly selected set of ten concepts from the study. After discussing and 
comparing the results, the authors repeated the exercise for another set of ten concepts. 
Inter-rater repeatability was assessed with the second set of concepts in order to measure 
the degree to which the two judges applied the metrics identically [72].  
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Researchers assessed inter-rater reliability of the nominal judgments in the 
innovative characteristics metric using Cohen’s Kappa [73], according to Equations 3.4 
to 3.7, where κ is Cohen’s Kappa coefficient, po is the ratio of observed agreements, pc is 
the chance agreement, and P(rater x) is the probability that a given rater will assign any 
ranking. Researchers used a weighted version of Cohen’s Kappa [74] to assess 
repeatability of the interval judgments in the originality and feasibility metrics, according 
to Equations 3.8 to 3.11, where κw is Cohen’s Weighted Kappa coefficient; poij is the ratio 
observed agreements for a given combination of ratings (i and j) of two raters; pcij is the 
ratio of agreement due to chance between two raters for a given set of ratings i and j; and 
vij is the weight of the disagreement between two raters for a particular set of ratings (i 
and j). The weights for Cohen’s Weighted Kappa analysis were calculated as the square 
of the relative disagreement between ratings; when using this weighting system, Cohen’s 
Weighted Kappa is equivalent to the intraclass correlation coefficient, the predominant 
standard for interval judgment agreement [75]. 
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Inter-rater reliability was found to be very good. Weighted Kappa values of 0.611 
and 0.91 were achieved for the Originality and Feasibility metrics, respectively. A 
standard Kappa value of 0.71 was found for the Innovative Categories metric. The merit 
of a given kappa value is up to interpretation, but a scale published by Landis and Koch 
indicates “substantial agreement” for the Originality and Innovative Characteristics 
metric and “almost perfect agreement” for the Feasibility metric [76]. Similar levels of 
agreement were found among the other researchers indirectly involved in analyzing the 
concepts. 
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Chapter 5: Results 
5.1 GENERAL RESULTS 
The metrics were applied across all concepts for each experiment. In total, 746 
concepts were considered. Mean originality, feasibility, and number of innovation 
categories scores for each experiment are recorded in Table 9. As discussed in Chapter 4, 
a concept’s originality score represents the maximum originality score awarded at the 
feature level, and a concept’s feasibility score represents the minimum feasibility score 
awarded at the feature level. Results are shown for Control groups, who were not exposed 
to empathic experiences, and Subject groups, who did participate in empathic 
experiences; standard error values are shown for each group. P-values from single-tailed 
student t-tests for each metric are shown in the final column of Table 9, with statistically 
significant differences (where P-values are less than 0.05) highlighted1. 
Table 9 - General Metric Results 
  
Control (without 
empathic experiences) 
Subject (with empathic 
experiences) 
 
  
# Mean 
Standard 
Error # Mean 
Standard 
Error 
P-
Value 
Sensory & 
Environmental 
Originality 
174 
3.61 0.23 
172 
4.56 0.24 0.002 
Feasibility 8.61 0.18 8.27 0.21 0.112 
# ICM Categories 1.46 0.08 1.75 0.08 0.006 
Physical 
Originality 
128 
3.87 0.16 
101 
5.22 0.19 0.000 
Feasibility 8.55 0.17 8.39 0.21 0.295 
# ICM Categories 1.72 0.10 2.33 0.10 0.000 
Cognitive 
Originality 
174 
3.61 0.20 
171 
4.05 0.23 0.098 
Feasibility 8.61 0.12 9.12 0.18 0.010 
# ICM Categories 1.45 0.08 1.33 0.08 0.028 
                                                 
1 The student t-test assumes that the sample data are normally distributed; however, in some cases the data 
presented are skewed away from normal. In these cases, the more robust Mann-Whitney U test was used to 
verify the t-test result. Appendix B describes the statistical validation efforts and details the results of this 
second validation statistic. 
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As shown in the table, the subject groups in all three experiments generated 
concepts with higher average originality scores than the control groups. Originality scores 
were increased by an average of 18.5% across the three experiments, and the 
improvement is statistically significant in the cases of sensory and physical empathic 
experiences.  
In the sensory and physical empathic experience experiments, no statistically 
significant differences are observed in feasibility, and statistically significant increases in 
the number of innovation categories are observed in both experiments. These results 
suggest that sensory and physical empathic experiences seem to be encouraging 
innovation (to the extent that innovation is embodied in concepts that are not only 
realizable, but original or creative). The increase in originality, accompanied by the 
negligible effects on feasibility, highlights the important trend that creativity among the 
participants is increased, without negatively affecting the technical feasibility of their 
concepts. In addition, the statistically significant increase observed in the number of 
innovation categories suggests that sensory and physical empathic experiences may help 
designers innovate in a broader set of design aspects. More interesting results of the 
Innovative Categories metric, which allows for a more direct analysis of the types of 
innovation that EED might stimulate, are discussed in-depth throughout Section 5.2. 
While no direct relationship between innovativeness and the number of 
innovation categories embodied in a concept has been established, it is worth noting that 
the set of 200 award winning, innovative products analyzed by Saunders and coauthors 
[7] displayed an average of 2.9 innovation categories. Sensory and physical empathic 
experience concepts improved from an average of 1.59 innovation categories without 
empathic experiences to 2.04 innovation categories with empathic experiences; although 
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EED enacts an improvement, the concepts are still far short of the award winning 
products. 
The cognitive empathic experience delivered slightly different results. While 
sensory and physical experiences both enacted statistically significant increases in 
originality and innovation categories with no measurable difference in feasibility, the 
cognitive empathic experience enacted a moderate but insignificant increase in 
originality, a statistically significant increase in feasibility, and a statistically significant 
decrease in innovation categories. Reasons for the differences in these trends are unclear, 
but the detailed discussion of innovative categories in section 5.2.2 clarifies the results. 
5.1.1 Originality Scoring Breakdown 
For further detail, Figure 11, Figure 12, and Figure 13 illustrate the distribution of 
the originality metric scores for concepts from each type of empathic experience. For 
each type of empathic experience, subject originality distributions are skewed towards the 
right, indicating higher originality than the control concepts, which are oriented around 
the lower originality scores. In seven out of nine cases, the subject groups produce a 
higher percentage of concepts receiving a maximum originality score of 5, 7.5, or 10; on 
the contrary, the control groups produce a higher percentage of concepts receiving a 
maximum originality score of 0 or 2.5 in every case examined. While the statistical 
significance of the increase in originality has already been discussed, it is perhaps more 
striking from this perspective than from the perspective of the averages documented in 
Table 9. 
This mode of representation also exposes the relative absence of “common” 
concepts (those receiving a score of 0) among the litter collector concepts (specifically, 
the physical empathic experiences), relative to a much larger number of “common” 
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concepts among the alarm clock concepts (both sensory/environmental experiences and 
cognitive experiences). This disparity is most likely related to the relative maturity of the 
products. Alarm clocks are mature products with a large pool of designs available 
commercially. Litter collectors are less mature and less universal among consumers, with 
fewer competing products and solutions. Thus, a litter collector concept has less 
competition for originality than an alarm clock concept, and is more easily ranked at least 
“somewhat interesting.” The distributions for the two experiments using alarm clocks are 
quite similar, especially in contrast to the shape of the distribution for the single litter 
collector experiment. This result is partly due to the two distributions sharing the same 
control concept pool, but both (unique) subject pools show a similar number of concepts 
receiving low-end (0 or 2.5) scores. 
 
Figure 11 - Score Breakdown for Sensory & Environmental Experiences 
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Figure 12 - Score Breakdown for Physical Experiences 
 
Figure 13 - Score Breakdown for Cognitive Experiences 
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concepts in each group that exhibited at least one innovation characteristic within each 
overarching innovation category. P-values, highlighted in gray, indicate statistically 
significant differences (p < 0.05) between subject and control groups. 
Table 10 - Innovation Categories Metric 
Se
n
so
ry
 &
 
En
vi
ro
n
m
e
n
ta
l 
  Functionality Architecture 
External 
Interactions 
User 
Interactions Cost 
Control 17.2% 27.0% 59.8% 40.8% 0% 
Subject 16.3% 36.6% 63.4% 58.7% 0% 
p-value 0.396 0.030 0.268 0.000 N/A 
P
h
ys
ic
al
 
  Functionality Architecture 
External 
Interactions 
User 
Interactions Cost 
Control 10.9% 51.6% 39.1% 53.1% 0% 
Subject 4.0% 73.3% 51.5% 84.2% 0% 
p-value 0.0195 0.0005 0.0361 0.0000 N/A 
C
o
gn
it
iv
e   Functionality Architecture 
External 
Interactions 
User 
Interactions Cost 
Control 17.2% 27.0% 59.8% 40.8% 0% 
Subject 8.8% 32.2% 52.6% 39.8% 0% 
p-value 0.0070 0.2013 0.0691 0.4046 N/A 
These results show a number of insights with slightly different results across 
experiments, and indicate a similar pattern to the general results in section 5.1—that 
findings from the cognitive empathic experience differ from those of the sensory and 
physical empathic experiences. The following sections detail the Innovation Categories 
Metric findings for each type of empathic experience and discuss not only the 
quantitative metric results, but the qualitative nature of the designs generated by the 
subject groups exposed to the EED method, and the features that led to higher originality 
and innovation scores for those concepts. 
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5.2.1 Sensory and Physical Empathic Experiences 
Subject group concepts embody a statistically significant increase in innovations 
among User Interactions characteristics in both sensory and physical empathic 
experiences. This trend is promising and suggests the goal of the empathic experiences—
to help designers focus on the user interaction aspects of a design—is being met. 
Several concepts in the subject group for the sensory empathic experiences 
experiment exhibited enhanced user interaction characteristics. Those concepts were 
generally focused on the means of reading the time and the means of waking the user. A 
common feature was the use of open-faced analog clocks so that the users could feel the 
position of the clock hands or read the time, bypassing the need for a user’s sense of 
sight. The inclusion of Braille or engraved controls was also prevalent to help users 
distinguish between the buttons or knobs. Many of the concepts offered innovative means 
of waking the user as an alternative to the typical auditory alarm with beeps or music. For 
example, many concepts utilized vibrations, squirting water, or shocking elements to 
decrease the traditional reliance upon auditory senses. Upon implementation, most of 
these concepts would aid not only users with sensory challenges, but also typical users 
who seek something more effective than the typical alarm. 
Concepts in the subject group for the physical empathic experiences experiment 
also exhibited enhanced user interaction characteristics. Notable embodiments include, 
for example, adding an articulating claw arm that deposits trash into an attached garbage 
bag through simple mechanical movement, or attaching the prototype litter collector to a 
small cart with spring assisted or counterweighted movement and an attached bag. These 
innovations and many others targeted and simplified the process of retrieving litter from 
the end of the litter collector and storing it in the trash bag. Participants also created 
concepts that resembled current industrial litter collection systems, but were more 
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innovative than the industrial offerings. An example is a backpack-mounted vacuum and 
trash receptacle that includes load bearing wheels to reduce much of the physical burden 
on the user. 
In both experiments, Additional Functionality innovations in subject group 
concepts decrease significantly. This may suggest that participants are more focused on 
the product at hand, and less likely to integrate extraneous features. On the contrary, 
Architecture innovations exhibit a statistically significant improvement in both cases, 
which are explored in the following paragraph. External Interactions innovations show a 
statistically significant increase for physical empathic experiences alone, which is an 
intuitive change given the extent that the litter collector product relies on the interaction 
between the itself and litter. Finally, no trends can be reported for Cost innovations 
because cost was never an innovative feature in any of the designs analyzed. 
Some of the innovative architectural features for sensory empathic experiences 
included clocks that were wearable or in some way connected to the user, such that their 
alarm functions only affected the single person. For example, some concepts include 
wrist bands that vibrate or supply small shocks, or eye patches that vibrate or blink bright 
lights into the user's eyes. Others interfaced with a user’s bed in interesting ways, making 
the whole bed the alarm clock by physically attaching to the bed and vibrating, heating, 
or cooling the user. Physical empathic experience architectural innovations included 
shifts in the way components of the litter collection system were arranged. For example, 
many concepts combined a basic prototype product with a device to hold a trash bag 
open, reducing the number of hands required from two or three to one. Others included 
carts or portable dumpsters that many users would share. These concepts included all of 
the same functionality as the prototype, but improved the relationships between the 
functional components. 
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Finally, many of the physical empathic experience control groups added 
functionality, such as the capacity for shredding or compacting garbage. While these 
features are innovative with regard to many products on the market, they are not 
necessarily suitable for what the prompt described as volunteer litter collection activities, 
which require high levels of mobility. 
5.2.2 Cognitive Empathic Experiences 
While sensory and physical empathic experiences showed many interesting 
changes as described above, concepts from the cognitive empathic experiences 
experiments showed only one statistically significant change in innovation categories: a 
decrease in new functionality. Many examples from the control groups included new 
features, like the addition of a coffee maker, toaster, television, or internet portal, yet 
subject group concepts had less accessory features, and were more focused on the 
purpose of the original prototype: to wake the user. 
While no other statistically significant trends remain, a closer look at the 
characteristics of innovation (which are used to compose the Innovation Categories 
metric) may reveal further insight. The findings are shown in Table 11. It is important to 
note that inter-rater repeatability at this fine level of detail has been mixed, with some 
pairs of raters achieving high agreement and other pairs only moderate; thus, no claims of 
statistically significant changes are made, and the data are presented without p-values. 
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Table 11 - Innovation Characteristics for Cognitive Experiences 
 
 
Percentage of 
Designs with 
each 
characteristic 
 
Characteristic of Innovation Control Subject 
Function Additional Function 17% 9% 
Architecture 
Modified Size 3% 1% 
Modified Layout 21% 28% 
Expanded Usage Environment 7% 9% 
External 
Interactions 
Modified Material Flow 12% 12% 
Modified Energy Flow 35% 17% 
Modified Info Flow 16% 26% 
Interaction with Infrastructure 24% 8% 
User 
Interactions 
Modified Physical Demands 18% 23% 
Modified Sensory Demands 17% 11% 
Modified Cognitive Demands 9% 9% 
Cost Cost 0% 0% 
Of interest here are the increases in Modified Information Flow and Modified 
Physical Demands characteristics. These increases are accompanied by strong decreases 
in the other characteristics within their two categories (External and User Interactions), 
not only signifying a strong focus on these two characteristics at the expense of others, 
but perhaps explaining the lack of demonstrable results at the more abstract Category 
level, which blends the individual characteristics together. The increase in information-
related innovations indicate that the cognitive experiences may help the participants 
understand the mental aspects of alarm clock usage, and allow them to incorporate new 
ways of communicating information to the user. The increase in physical demands 
innovations indicates a preference towards innovations that enhance the traditional means 
of setting and manipulating the clock. Among the subject group concepts, an increased 
occurrence of features that seem to lower the cognitive burden of setting the alarm clock 
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and/or completing the morning routine was observed. For example, a common theme was 
the use of voice recognition to control the clock and alarm, circumventing the need for 
cumbersome button pressing and knob turning. A significant number of concepts 
included features designed to learn a user’s schedule and sleep patterns to help them 
design an optimal sleeping schedule, wake them at the most opportune time for their 
sleep cycle, and avoid cumbersome alarm setting altogether. Some concepts went as far 
as analyzing the user’s calendar through some electronic means, and automatically setting 
alarm times based on morning activities. Others featured systems designed to help a user 
in their morning activities, such as clocks that dispensed vitamins or pills, or read the user 
their daily to-do list. 
5.3 SHOWCASE OF TOP CONCEPTS 
In general, concept generation exercises produce large numbers of concepts with 
mixed value, and many methods rely on the notion that quantity breeds quality. In many 
cases, the entity conducting the concept generation activity is only concerned with the 
leading concepts. Table 12 presents the presence of highly valuable leading concepts 
among the concepts generated after each type of empathic experience, based on their 
originality scores and the number of innovation categories they exhibited. Leading 
concepts were identified as those with maximum feature-level originality scores of 7.5 or 
10 and those that exhibited three or more innovation categories. Statistically significant 
changes (P < 0.05) are highlighted. 
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Table 12 - Percentage of Leading Concepts in Each Group 
  
Control Subject P-Value 
Se
n
so
ry
 &
 
En
vi
ro
n
m
e
n
ta
l % of Designs with a 
"high" (3+) # of ICM 
Categories 16.7% 25.3% 0.023 
% of Designs with a 
high (7.5 or 10) 
Originality score 19.5% 32.0% 0.004 
P
h
ys
ic
al
 
% of Designs with a 
"high" (3+) # of ICM 
Categories 23.4% 46.5% 0.000 
% of Designs with a 
high (7.5 or 10) 
Originality score 8.6% 19.5% 0.001 
C
o
gn
it
iv
e 
% of Designs with a 
"high" (3+) # of ICM 
Categories 16.7% 14.6% 0.301 
% of Designs with a 
high (7.5 or 10) 
Originality score 19.5% 19.3% 0.477 
As illustrated in the table, the percentage of concepts with high originality scores 
and high numbers of innovation categories is much higher for the subject groups than for 
the control groups in the sensory/environmental and physical empathic experience pools, 
with no significant effects shown for cognitive experiences. Where improvements are 
shown, they are significant: approximately 10 to 15% more of the subject groups' 
concepts were considered highly original and exhibited high numbers of innovation 
categories in these cases. These increases in originality and innovation categories are not 
matched by decreases in feasibility. In fact, in the two cases showing improvements, the 
average feasibility of the subject groups' highly original concepts was greater than that of 
the control groups' highly original concepts. 
To convey the merit of these top concepts, a collection of top concepts 
representing each empathic experience are presented below. The first two concepts result 
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from the sensory and environmental empathic experiences featuring alarm clock 
prototypes. In Figure 14, participants created an alarm clock that isolates unwanted noise 
through noise-cancellation headphones or earbuds, and wakes the user with an alarm and 
vibrate function. As shown, the design began with a set of headphones, which could be 
uncomfortable during sleep, but transitioned into recessed earbuds during the 6-3-5 
process.  For the earbuds, wireless alarm transmission ensures sleep without annoying or 
dangerous wire tangling. In Figure 15, designers created an alarm clock that also serves 
as a nightlight or flashlight. The concept utilizes the bright flashing beam to wake the 
user, and requires them to shake the clock a number of times before the alarm is 
deactivated, while also charging the device. The participants also allowed for the 
possibility of a charging base, so that the flashlight could be used at any time, making the 
concept useful for children as a night light, and for adults as an emergency or aid device. 
Both of these solutions demonstrate significant creative leaps from the very simple 
prototype products, but remain technically feasible and readily realizable. 
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Figure 14 - Sensory & Environmental Experience Top Concept 
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Figure 15 - Sensory & Environmental Experience Top Concept 
The following two concepts are from the physical empathic experiences featuring 
litter collection device prototypes. In Figure 16, participants simplified the process of 
handling trash containers by creating a large towable cart. The load is placed around the 
user’s waist to minimize back fatigue, while the over-the-shoulder straps provide stability 
and support. The litter collector itself has a bendable joint to enable easy over-the-
shoulder tossing, and the large receptacle has a Velcro opening to enable quick dumping. 
Figure 17 shows a vacuuming collection device with wheels on both the powered suction 
device and the nozzle, preventing the user from exerting much effort in carrying the 
device around. The additions improve the design, as heavier equipment can be used to 
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achieve a greater suction effect. The suction tube is manipulated with a stiff pole that the 
user can comfortably hold, and the wheels at the base of the tube transfer any load of the 
tube and the trash it is ingesting directly to the earth. The originality and usefulness of 
these concepts is clearly evident, and the designs remain a viable and feasible technical 
solution. 
 
 
Figure 16 - Physical Empathic Experience Top Concept 
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Figure 17 - Physical Empathic Experience Top Concept 
The final concepts are from the cognitive empathic experiences. Figure 18 shows 
an alarm that is integrated into the user’s pillow. It includes glowing, heating, and 
vibrating elements to help the user awaken. It also has very simple and intuitive, yet 
sleep-proof, controls—the buttons are small and out of the way so that they are not 
unintentionally triggered while sleeping. It also features an easily activated function to 
whisper the time to the user through their pillow. Figure 19 features a clock that connects 
directly to a user’s Google or Outlook calendar and studies their morning habits in order 
to automatically suggest a wakeup time for them. It also connects to online music 
libraries to play a new song every morning, to prevent alarm response fatigue. These 
example concepts are well beyond what is currently offered in the marketplace, and 
represent only a minimal engineering effort to produce. 
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Figure 18 - Cognitive Empathic Experience Top Concept 
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Figure 19 - Cognitive Empathic Experience Top Concept 
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Chapter 6: Conclusion 
6.1 SUMMARY 
Three experiments were performed to test the effectiveness of the Empathic 
Experience Design methodology with a variety of targeted empathic experiences. A total 
of 345 senior undergraduate mechanical engineering students participated in the 
experiment. These students were allowed a brief period of interaction with a prototype 
product either with or without undergoing empathic experiences targeted to simulate 
sensory/environmental, physical, and mental challenges, and then asked to generate 
concepts. The resulting concepts were analyzed for originality, technical feasibility, and 
the type and quantity of innovation categories embodied. In each case, individuals 
exposed to empathic experiences produced concepts with statistically significant 
increases in originality and no statistically significant change in feasibility. Each 
experience type also affected the innovation categories present in the resulting concepts, 
with sensory/environmental and physical experiences both producing a statistically 
significant increase in the number of innovations related to user interactions, among 
others. Cognitive experiences had mixed effects on the type and quantity of innovation 
categories. 
6.2 POTENTIAL IMPACTS 
Results from the three experiments indicate that empathic experience design 
methodologies can promote the development of concepts that are original with respect to 
both the motivating prototype required by the methodology and commonly available 
products in the marketplace. While many concept generation methods result in off-the-
wall ideas, the concepts created by users of EED are no less feasible than concepts 
created by individuals with no stimulating experience.  
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Results also indicate that empathic experiences can produce improvements in 
targeted areas of innovation; most importantly, in user interactions. Alarm clocks 
produced after sensory empathic experiences included a greater number of user 
interactions innovations, together with a number of concepts with innovative methods for 
waking the user. Concepts produced after physical empathic experiences included a 
greater number and variety of innovations than those that were produced without using 
EED, with many focused on making it physically easier to use the prototype product. 
Although no consensus was reached about the targeted improvements of cognitive 
empathic experiences, anecdotal evidence reveals a trend towards information and 
interaction design innovations. Further study is needed to understand the implications of 
such experiences. 
The benefits of EED are useful to all parties involved. Mechanical designers who 
undergo empathic experiences gain a richer understanding of the product and are more 
inclined to create original ideas, as evidenced by the results. Because of their relative 
simplicity and low cost (especially when compared to other product design research 
methods), and the feasibility of their results, designers, companies, and research groups 
can use these techniques without worry of decreased productivity or efficiency. Finally, 
although empathic experiences help designers focus on extreme usage scenarios, the 
resulting innovations are likely to be useful to a broader set of end users—both lead users 
and users with more general needs. Products with these considerations are more useful to 
a greater variety of people in a wider number of situations.  
6.3 FUTURE WORK 
This research confirms the hypothesis that Empathic Experience Design 
techniques lead to more original concept generation and greater concentrations of user 
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interaction innovations, and raises many new questions in light of the success of the 
method. 
First, since subjecting designers to empathic experiences produces the beneficial 
effects described above, it may be valuable to understand to what extent the full 
experiences are necessary, or how effective less comprehensive or even totally imagined 
experiences may be. To what degree would the same benefits be observed if the users 
simply imagined having trouble seeing, hearing, and feeling the alarm clock? The EED 
methodology also requires a significant amount of thought and preparation in advance of 
the empathic experiences. It would be valuable to understand the effects of the 
preparatory exercises on the sponsoring designer or organizers themselves. It is possible 
that the organizers consider many of the same suggestions that participants make, and 
may be able to produce similar results. Depending on the degree of improvement found 
among organizers, the need to carry out the full empathic experiences may be greatly 
reduced. In this case, EED could be simplified to merely identifying potential outlier 
users and consulting the table of empathic stimuli given in Table 1. 
Studying group composition may provide beneficial insights. It is hypothesized 
that an engineer’s creativity may stagnate as his or her career progresses; in fact, 
preliminary studies of engineering students have shown that freshmen [77] are more 
creative than seniors. Researchers could conduct similar experiments as those included in 
this thesis, but recruit design groups composed of freshman students, senior students, 
young professionals, and experienced professionals. If it is true that creativity stagnates 
with experience, EED may counteract those effects, and help more experienced engineers 
create original concepts freely. The composition of design groups could also be studied 
from a disciplinary standpoint—mixing engineers of different disciplines, industrial 
designers, or even lay consumers may provide unique insights.  
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Each of the experiences utilized in the experiments has endowed unique emphasis 
on the innovation characteristics of the resulting concepts. It would be interesting to study 
groups composed of individuals undergoing different experiences (i.e., two individuals 
undergo a sensory empathic experience, two undergo physical empathic experiences, and 
the final two undergo cognitive experiences, before converging for concept generation). 
While the empathic experiences are intended to be case and context-specific, perhaps a 
full suite of empathic experiences would create a more robust response among 
participants. 
In the physical and cognitive empathic experience experiments, photographs were 
taken of each concept as it was created—before it was passed around and improved by 
the full group. Investigation of the first-round drawings may be valuable. Analyzing these 
simpler concepts may allow researchers to understand how well empathic experiences 
would couple with concept generation activities that do not include groups or passing. 
Comparing first-round designs of those individuals exposed to empathic experiences with 
designs from the individuals who did not use EED may allow researchers to understand if 
EED’s benefits are fully realized by individual users or if there is a synergistic effect 
among the group. 
One question left unanswered is that of fixation. While originality should 
represent the opposite of fixation, it is not intended to accurately measure fixation. 
Preliminary studies tested a variety of metrics, including some focused explicitly on 
fixation [60]; however, the fixation metric was eliminated from this study because it was 
found to be ineffective at the level of detail of analysis. A different metric may be more 
informative, or perhaps the previous fixation metric could be optimized for this concept 
generation study. The experiments presented in this paper could also be reformulated into 
an experiment designed explicitly for fixation. Researchers could vary the amount of 
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detail given to participants in the interaction activities—from actual products, to pictures, 
to functional descriptions, and finally, no descriptive material at all—leading up to a 
similar concept generation exercise. The resulting designs may be useful in determining 
the amount of design fixation present at various degrees of prototype interaction, and the 
efficacy of empathic experiences in reducing design fixation could be studied. 
Finally, related research has paired empathic experiences with customer needs 
analysis, and preliminary results indicate that the pairing is beneficial [15]. Researchers 
have documented a strong increase in latent need discovery among ordinary customers 
who undergo empathic experiences before articulated use interviews. However, the 
experiment was somewhat limited in size and rigor. Although currently unpublished, a 
follow-up study has confirmed the increase in latent need discovery, among other 
benefits. The successful pairing of empathic experiences with concept generation 
activities and customer needs analysis may warrant investigation of other areas in which 
empathic experiences may be useful. 
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Appendix A: Baseline Litter Collector Devices 
Researchers studied a variety of industry vendors to determine what might 
constitute innovative, original, and implementable features. The researchers referenced 
the following products when defining the standard features for the litter collector 
concepts. This list encompasses a wide variety of products; many of the products featured 
were deemed too specialized to be called standard. Researchers designated the baseline, 
or standard features, to include those products that students may have experienced on or 
around campus or other civic locations: the Gopher Grabber prototype, spear litter 
collectors, street sweeping vehicles, and backpack-style leaf blowers and vacuums. 
INDUSTRIAL SYSTEMS 
 Small litter collection vacuum cart; has interesting, low-effort method of directing 
the suction hose: http://www.madvac.com/content/101_outdoor_vacuum.php  
 Small towed-trailer vacuum cart; has long extendable hose: 
http://www.madvac.com/content/61_leaf_vacuum_collector.php  
 Midsize litter collection vacuum cart: 
http://www.madvac.com/content/lr50_outdoor_vacuum.php  
 Various litter collection vacuum solutions (backpack, pull-cart on dolly, truck-bed 
mounted, etc.): http://www.overton-uk.co.uk/UI/Pages/MachineTypes/Litter-
LeafCollectors.aspx 
BAGS/BAG HOLDERS 
 Shoulder mounted bag: http://www.randmh.com/lndscp-cleanup-shldr-bg-
160202/litter-collection-tools/  
 Shoulder-mounted bag: http://www.mohawkusa.com/G4ShoulderBag.html  
 Holds a 5-gallon paint bucket for collection: http://pick-up-tool.com/the-handler/ 
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GRABBER-LIKE PRODUCTS 
 A sturdier grabber; less plastic, no articulating point, all metal: http://pick-up-
tool.com/the-grappler/  
 A grabber with a forearm connection, reduces impact on wrist: 
http://www.oversizesolutions.com/Vee_Zee_C5_Reacher_p/218.htm 
  
 67 
Appendix B: Statistical Validation using the Mann-Whitney U Test 
A student’s t-test is used several times throughout this thesis in order to 
statistically validate claims about a changing mean result value for a given metric. The 
student’s t-test is used widely in engineering design research and is a universally 
accepted technique for hypothesis testing. However, one of the requirements for the test 
is that sample data be normally distributed. In some cases, the data presented in this 
thesis are not strictly normally distributed. 
In light of this requirement, researchers validated the results of the single-tailed 
student’s t-test using its non-parametric equivalent, the two-tailed Mann-Whitney U test 
(also known as the Wilcoxon rank-sum test) [78]. Table 13 compares the results from 
both tests, with statistically significant (P < 0.05) differences highlighted. While the 
Mann-Whitney U test is more conservative, it preserves the claim of statistically 
significant increases in Originality for sensory and physical empathic experiences. The 
sole contradiction between the two tests is found in the feasibility results for cognitive 
empathic experiences. While the t-test shows statistical significance, the Mann-Whitney 
U test does not maintain this result.  
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 Table 13 - T-Test and Mann-Whitney U Test Comparison 
  
Control Subject 
  
  
# Mean # Mean 
t-test P-
Value 
Mann-Whitney U 
Test P-Value 
Sensory 
Originality 
174 
3.61 
172 
4.56 0.0019 0.0048 
Feasibility 8.61 8.27 0.1120 0.5892 
Physical 
Originality 
128 
3.87 
101 
5.22 0.0000 0.0000 
Feasibility 8.55 8.39 0.2945 0.3594 
Cognitive 
Originality 
174 
3.61 
171 
4.05 0.0984 0.0989 
Feasibility 8.61 9.12 0.0097 0.1835 
In summary, the less common but potentially more accurate Mann-Whitney U test 
confirms the results presented by the t-test. 
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